Establishment and Application of Determination Methods for 22 Shellfish Toxins by High Performance Liquid Chromatography-Tandem Mass Spectrometry by 林淑雅
 
 
学校编码：10384                                           密级      








硕 士 学 位 论 文 
   
22 种贝类毒素的高效液相色谱-串联质谱 
分析方法及其应用研究 
Establishment and Application of Determination Methods 
for 22 Shellfish Toxins by High Performance Liquid 






指导教师姓名：陈  猛  副教授 
专  业 名 称：环  境  工  程 
论文提交日期： 2017  年   月 
论文答辩时间： 2017  年   月 
 





















另外，该学位论文为（                            ）课
题（组）的研究成果，获得（               ）课题（组）经




声明人（签名）：             
























（     ）1.经厦门大学保密委员会审查核定的保密学位论文，
于   年  月  日解密，解密后适用上述授权。 























摘 要 .............................................................................................................................I 
Abstract ...................................................................................................................... III 
第 1章 绪 论............................................................................................................ 1 
1.1 引言................................................................................................................. 1 
1.2 贝类毒素概述................................................................................................. 1 
1.2.1 石房蛤毒素组（Saxitoxins，STXs）................................................ 3 
1.2.2 软骨藻酸毒素（Domoic acid，DA） ............................................... 5 
1.2.3 大田软海绵酸毒素组（Okadaic acid Group，OA）........................ 7 
1.2.4 原多甲酸毒素组（Azaspiracid，AZA） .......................................... 9 
1.2.5 虾夷扇贝毒素组（Yessotoxin，YTX） .......................................... 10 
1.2.6 环亚胺类毒素（Cyclic imine，CI） ............................................... 11 
1.3 贝类毒素的管理情况................................................................................... 12 
1.3.1 脂溶性贝类毒素................................................................................ 13 
1.3.2 水溶性贝类毒素................................................................................ 15 
1.3.3 我国贝类毒素管控情况.................................................................... 17 
1.4 贝类毒素的分析方法研究进展................................................................... 19 
1.4.1 小鼠生物法........................................................................................ 19 
1.4.2 免疫分析法........................................................................................ 19 
1.4.3 体外试验法........................................................................................ 20 
1.4.4 色谱分析法........................................................................................ 20 
1.4.5 贝类毒素分析的前处理方法进展.................................................... 21 
1.5 中国沿海贝类毒素的研究进展................................................................... 24 
1.6 课题的提出、研究内容和技术路线........................................................... 26 
1.6.1 课题的提出........................................................................................ 26 
1.6.2 研究内容和技术路线........................................................................ 27 
















2.1 引言............................................................................................................... 28 
2.2 实验仪器和材料........................................................................................... 28 
2.2.1 仪器设备............................................................................................ 28 
2.2.2 材料与试剂........................................................................................ 29 
2.2.3 试剂处理与配制................................................................................ 29 
2.2.4 样品制备............................................................................................ 30 
2.2.5 数据分析............................................................................................ 30 
2.3 实验方法....................................................................................................... 30 
2.3.1 LC-MS/MS 仪器条件 ........................................................................ 30 
2.3.2 样品前处理........................................................................................ 31 
2.4 结果与讨论................................................................................................... 33 
2.4.1 仪器条件优化.................................................................................... 33 
2.4.2 预处理方法优化................................................................................ 36 
2.4.3 基底效应的考察................................................................................ 40 
2.4.4 定量方法、方法检测限和标准添加回收率.................................... 43 
2.5 本章小结....................................................................................................... 45 
第 3章 12种水溶性贝类毒素的分析方法研究 ......................................... 47 
3.1 引言............................................................................................................... 47 
3.2 实验仪器和材料........................................................................................... 47 
3.2.1 仪器设备............................................................................................ 47 
3.2.2 材料与试剂........................................................................................ 48 
3.2.3 试剂处理与配制................................................................................ 48 
3.2.4 样品制备............................................................................................ 49 
3.2.5 数据分析............................................................................................ 49 
3.3 实验方法....................................................................................................... 49 
3.3.1 LC-MS/MS 仪器条件 ........................................................................ 49 
3.3.2 样品前处理........................................................................................ 50 
3.4 结果与讨论................................................................................................... 52 
















3.4.2 前处理优化........................................................................................ 55 
3.4.3 基底效应的考察................................................................................ 57 
3.4.4 定量方法、方法检测限和标准添加回收率.................................... 59 
3.5 本章小结....................................................................................................... 62 
第 4章 东南沿海 5个监测站位的贝类毒素分布特征............................. 63 
4.1 引言............................................................................................................... 63 
4.2 实验部分....................................................................................................... 64 
4.2.1 样品的采集与处理............................................................................ 64 
4.2.2 实验材料、试剂及仪器.................................................................... 68 
4.2.3 样品分析及质量控制措施................................................................ 68 
4.3 结果与讨论................................................................................................... 68 
4.3.1 样品分析的质量控制结果................................................................ 68 
4.3.2 贝类毒素总体检出情况.................................................................... 69 
4.3.3 季节性分布特征................................................................................ 79 
4.3.4 空间分布特征.................................................................................... 86 
4.3.5 毒性评估............................................................................................ 89 
4.4 本章小结....................................................................................................... 95 
第 5章 结语与展望 ............................................................................................... 97 
5.1 本研究的贡献............................................................................................... 97 
5.2 本研究的不足............................................................................................... 97 
5.3 研究展望....................................................................................................... 97 
参考文献 ................................................................................................................... 99 















Table of Contents 
 
 
Table of Contents 
Abstract ( in Chinese ) ..............................................................................................I 
Abstract ( in English ) ............................................................................................. II 
Chapter 1 Preface ...................................................................................................... 1 
1.1 Introduction .................................................................................................... 1 
1.2 Review of shellfish toxins............................................................................... 1 
1.2.1 Saxitoxin Group, STXs ......................................................................... 3 
1.2.2 Domoic acid Group, DA ....................................................................... 5 
1.2.3 Okadaic acid Group, OA....................................................................... 7 
1.2.4 Azaspiracid, AZA.................................................................................. 9 
1.2.5 Yessotoxin, YTX ................................................................................. 10 
1.2.6 Cyclic imine, CI .................................................................................. 11 
1.3 Management of shellfish toxins................................................................... 12 
1.3.1 Lipophilic shellfish toxins................................................................... 13 
1.3.2 Hydrophilic shellfish toxins ................................................................ 15 
1.3.3 Management of shellfish toxins in China ........................................... 17 
1.4 Revies of analytical method for shellfish toxins  ........................................ 19 
1.4.1 Mouse Bioassay .................................................................................. 19 
1.4.2 Immunoassay ...................................................................................... 19 
1.4.3 In Vitro Test......................................................................................... 20 
1.4.4 Chromatography.................................................................................. 20 
1.4.5 Review of sample pretreatment........................................................... 21 
1.5 Distribution of shellfish toixns in China coasts  ......................................... 24 
1.6 Research objective, contents and technique approach ............................. 26 
1.6.1 Objective ............................................................................................. 26 
1.6.2 Contents and technique approach ....................................................... 27 

















2.1 Introduction .................................................................................................. 28 
2.2 Equipments and materials  .......................................................................... 28 
2.2.1 Instruments and equipments ............................................................... 28 
2.2.2 Materials and reagents ........................................................................ 29 
2.2.3 Reagent preparation ............................................................................ 29 
2.2.4 Sample prepation................................................................................. 30 
2.2.5 Data analysis ....................................................................................... 30 
2.3 Experimental methods ................................................................................. 30 
2.3.1 Instrument parameters for LC-MS/MS ............................................... 30 
2.3.2 Pretreatment ........................................................................................ 31 
2.4 Results and disscusion ................................................................................. 33 
2.4.1 Opimization of paramenters of LC-MS/MS ....................................... 33 
2.4.2 Optimization of sample pretreatment.................................................. 36 
2.4.3 Matrix effect........................................................................................ 40 
2.4.4 Quantification, MDL and Recoveries ................................................. 43 
2.5 Summary....................................................................................................... 45 
Chapter 3 Determination method for 12 hydrophilic shellfish toxins  ....... 47 
3.1 Introduction .................................................................................................. 47 
3.2 Equipments and materials  .......................................................................... 47 
3.2.1 Instruments and equipments ............................................................... 47 
3.2.2 Materials and reagents ........................................................................ 48 
3.2.3 Reagent preparation ............................................................................ 48 
3.2.4 Sample preparation ............................................................................. 49 
3.2.5 Data analysis ....................................................................................... 49 
3.3 Experimental methods ................................................................................. 49 
3.3.1 Instrument parameters for LC-MS/MS ............................................... 49 
3.3.2 Pretreatment ........................................................................................ 50 













Table of Contents 
 
 
3.4.1 Opimization of paramenters of LC-MS/MS ....................................... 52 
3.4.2 Optimization of sample pretreatment.................................................. 55 
3.4.3 Matrix effect........................................................................................ 57 
3.4.4 Quantification, MDL and recoveries................................................... 59 
3.5 Summary....................................................................................................... 62 
Chapter 4 Distribution characteristics of shellfish toxins in 5 monitoring 
sites in southeast coastal areas of China............................................................ 63 
4.1 Introduction .................................................................................................. 63 
4.2 Experiment ................................................................................................... 64 
4.2.1 Sampling and sample preparation ....................................................... 64 
4.2.2 Chemicals, materials and instrument .................................................. 68 
4.2.3 Sample analysis and QA/QC .............................................................. 68 
4.3 Result and discussion ................................................................................... 68 
4.3.1 QC for sample analysis ....................................................................... 68 
4.3.2 Overall Situations................................................................................ 69 
4.3.3 Temporal distribution .......................................................................... 79 
4.3.4 Spatial distribution .............................................................................. 86 
4.3.5 Toxity evaluation................................................................................. 89 
4.4 Summary....................................................................................................... 95 
Chapter 5 Conclusions ........................................................................................... 97 
5.1 Contributions................................................................................................ 97 
5.2 Shortages....................................................................................................... 97 
5.3 Prospects ....................................................................................................... 97 
References ................................................................................................................. 99 























类毒素和 13 种水溶性贝类毒素作为目标物，建立了 22 种贝类毒素的固相萃取-
高效液相色谱-串联质谱的分析方法，并运用于东南沿海厦门、莆田、宁德、温
州、台州 5 市的贝类毒素分布特征的研究。结果如下： 
1. 9 种脂溶性贝类毒素和 DA 的同时分析方法 
通过优化高效液相色谱-串联质谱的洗脱程序、质谱参数（母离子、子离子、
碰撞能等）及前处理条件（滤膜选择、固相萃取柱类型、上样体积、洗脱溶剂及
用量等），建立了贝类中 9 种脂溶性贝类毒素（包含 OA 毒素组、AZAs、YTXs、
SPX）和 DA 的同时分析方法。考察了近江牡蛎、缢蛏、棒锥螺 3 种基底对目标
物的基底效应，最终确立了外标法定量、同等级别浓度的基底效应进行校正，替
代物进行质量控制的定量方法。3 种基底中，10 种目标化合物在 3 个添加浓度水
平（0.41~169.7 μg/kg）下，90%以上的加标回收率在 40%~120%之间，95%以上
的 RSD（n=3）在 30%以下。建立的方法灵敏、准确，分析标准参考物中的 6 种
目标物，检测浓度为标识浓度的 75.7%~110.1%，RSD（n=3）为 1.6%~21.7%。 
 
2. 12 种水溶性贝类毒素的分析方法 
同上优化了仪器分析和前处理条件，建立了 12 种水溶性贝类毒素（STXs）
的乙酸水超声辅助萃取、C18+HLB 柱净化、LC-MS/MS 测定的同时分析方法。
鉴于近江牡蛎、缢蛏、棒锥螺 3 种基底对 12 种目标物均具有明显的基底抑制作
用，因此同样采用外标法定量，同等级别浓度的基底效应进行校正。3 种基底中，
12 种目标化合物在 3 个添加浓度水平（5.08~903.0 μg/kg）下，80%以上的目标



















州和台州 5 个城市的 243 份贝类样品。结果显示： 
（1）整体检出情况 
调查区域内，脂溶性和水溶性贝类毒素的检出率分别为 40.7%和 47.3%，检
出浓度分别为 ND~77.55 μg/kg 和 ND~3949 μg/kg。其中 AZA2 与 dcNEO 的检出
频率最高，hYTX 和 DA 的检出浓度最高。本研究采集到的 8 大类样品中，蛤类、
牡蛎和螺类是贝类毒素的主要检出物种。除 YTXs 仅存在螺类、贻贝、扇贝及部































Shellfish poisoning incidents, frequently occurred in recent years and kept 
threatening seafood safety and people‟s health. Accurate and sensitive determination 
methods for multiple shellfish toxins are essential to shellfish toxin monitoring and 
researches on occurrence and distribution characteristics. In this study, two methods 
using liquid chromatography-tandem mass spectrometry (LC-MS/MS) combined with 
solid phase extraction (SPE) pretreatment technique for determination of 9 lipophilic 
and 13 hydrophilic shellfish toxins were developed and applied to analyzing shellfish 
samples collected from 5 coastal cities located in the southeast China. Temporal and 
spatial distribution of shellfish toxins in 5 cities were discussed. The results are as the 
followings:  
1. Simultaneous determination method for 9 lipophilic shellfish toxins and DA  
A simultaneous determination method for DA and 9 lipophilic shellfish toxins 
(includes OA group, AZAs, YTXs and SPX) was developed. The MS parameters 
(parent ions, daughter ions, collision energy and gradient elution program) and 
pretreatment conditions (filter membranes and SPE cartridges, elution solvents and 
volumes, etc.) were optimized. Matrix effect of target compounds in 3 kinds of 
matrices (Oyster, Sinonovacula constricta, Turritella bacillum) were observed, 
therefore, external standard calibration and matrix-matched calibration were used for 
quantification. More than 90% of recoveries of 10 targets at 3 spiking levels 
(0.41~169.7 μg/kg) in 3 kinds of matrices were in the range of 40%~120% with RSD 
(n=3) within 30%. Method detection limits were in the range of 0.2~20 μg/kg. 
Established method was testified accurate and sensitive by the result of 75.7%~110.1% 
of labeled concentration with RSD (n=3) 1.6%~21.7% in the determination of 6 target 
toxins in certified reference materials.  
 
2. Simultaneous determination method for 12 hydrophilic shellfish toxins 
















extraction, C18+HLB cartridges clean-up and LC-MS/MS detection for 12 
hydrophilic shellfish toxins was developed by optimizing instrument and pretreatment 
conditions. Strong matrix suppression of target compounds were observed in 3 kinds 
of matrices. Therefore, external standard calibration combined with matrix-matched 
calibration was used for quantification. More than 80% of recoveries of 12 target 
compounds at 3 spiking levels (5.08~903.0 μg/kg) in 3 kinds of matrices were in the 
range of 60%~110% with RSD (n=3) within 20%. Method detection limits were in the 
range of 10~50 μg/kg.  
 
3. Monitoring and occurrence and distribution characteristics of shellfish toxins in 
southeast coast of China 
The above developed methods were applied for the determination of 22 shellfish 
toxins in 243 shellfish samples collected from 5 coastal cites (Xiamen, Putian, Ningde, 
Taizhou, Wenzhou) in China. Occurrence and distribution characteristics were 
analyzed as the followings:  
(1) Occurrence characteristics 
The total detection rates of lipohpilic and hydrophilic shellfish toxins in survey 
region were 40.7% and 47.3% with detected concentration ND~77.5 μg/kg and 
ND~3949 μg/kg, respectively. AZA2 and dcNEO were most frequently detected and 
hYTX and DA concentrations were the highest.  
The positive results showed that snails, clams and oysters were the main species 
frequently contaminated by shellfish toxins. Except YTXs occurred only in snails, 
mussels, scallops and few parts of the clams, other target toxins were detected in all 8 
kinds of shellfishes.  
(2) Temporal distribution characteristics 
The total detection rates of lipophilic shellfish toxins showed a tendency of 
autumn > summer > winter > spring while winter > autumn > summer > spring for 
hydrophilic shellfish toxins. Higher concentrations of lipophilic and hydrophilic 
shellfish toxins mainly occurred in autumn and winter seasons.  
















The highest detection rate of lipophilic shellfish toxins were found in Xiamen 
while the lowest in Taizhou. The overall detection rates decreased with increasing 
latitude. Detection rates and concentrations of hydrophilic shellfish toxins showed no 
significant characteristic. 
(4) Toxicity evaluation 
Concentration in all positive samples did not exceed the EU standard limits. 
Evaluation results showed that most samples contaminated by lipophilic toxins were 
in low toxicity range, while parts of samples contained hydrophilic shellfish toxins in 
moderate and high toxicity range. 
 
Key words: Shellfish toxins; Solid phase extraction; Liquid chromatography-tandem 















第 1 章 绪 论 
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产量也逐年增加[1]。据统计，2015 年全国贝类海水养殖面积达 152.7 万公顷，占
总海水养殖面积的 65.9%，较 2005 年扩大了 44.1%；贝类海水养殖的总产量为


































图 1-1 贝类毒素传递示意图[4] 
Fig. 1-1 Transfer of shellfish toxins 
 
目前海洋中已知的浮游藻类有 4000 余种，能够引起赤潮的藻类有 300 多
种，其中能产生毒素的有 80 余种[11]，占海洋藻类总数的 2.0%，这一比例随着
对海洋藻类研究的不断深入可能还将继续增加。 
早期研究者按毒性机制将自然界中的常见贝类毒素分为麻痹性贝类毒素
（Paralytic Shellfish Poisoning，PSP）、腹泻性贝类毒素（Diarrhetic Shellfish 
Poisoning，DSP）、失忆性贝类毒素（Amnescic Shellfish Poisoning，ASP）和
神经毒性贝类毒素（Neurotoxic Shellfish Poisoning，NSP）[12]。其中，DSP 和
PSP 最为常见。随着研究的深入和新贝类毒素种类不断被发现，原有的分类方
法已经不能满足科研和管理的需求。2004 年 3 月在都柏林举行的关于贝类生




（Saxitoxin Group，STX）、软骨藻酸组（Domoic acid Group，DA）、大田软海
绵酸毒素组（Okadaic acid Group，OA）、原多甲酸毒素组（Azaspiracid Group，
AZA）、短裸甲藻毒素组（Brevetoxin Group，BTX）、蛤毒素组（Pecenotoxin Group，
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